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SXPLRLSENTAL DATA ON NUCLEON-NUSLIEON INTLRACTIONS

’ AT THE ENERCY OF HUNDREDS OF GEV AND THuIR

INTEACTION

e results to be reported here nave LESL OhUaL
ine continuation of studying nucleon-nuclzon interactioas av
nundreds of GeV at the Pamir Station of the USSR Academy of
Sciences Physical Institute, 3860 m above the sea- —~level by a
large team of research workers from the cosmic ray laborato~-
ry of the Institute.

The first results of this work were presented at the
iioscow Cosmic ray Conference, 1959 and the Rochester High
Lnergy Conference, 1960. /1/

The experimental installation in general features remai-
aned unchanged (comparing with the first stagzes of experiment).
It consisted of two cloud chambers, one of which was placed
into a magnetic field, and "ionization calorimeter" for the
determination of the energy of the primary particle. The
scheme of the installation is given in Pig. L.

The effective dimensions of the cloud chambers were
90 x 40 x 16 cmj.

The lithium hydrate (iLiH) target was placed between the
chambers. ‘The thickness of target was about 0,1 of the range
for nuclear interaction.

The "iomization caloLLmeter“ consisted of 8 layers of
jonization chambers (altogether 120 iopization chambers)
separated by lead and brass filters. The total thickness of
the filters was equal tc 5,3 units of nuclear interactions-

The following characteristics>for each recorded shower
can be determined from the obtained results:

1. fi;-from its total energy release (i.e. without any

assumption about the symmetry of shower particle dis-
tribution in C-system, usually made in experiments by
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7irped aow with greater experimental material. 1'1g.> Snows

pictures of the angular distripbution in the C-system for
scme showerskobtainedo

It is seen from the obtained data, that 28 showers out
of 46 proved to bc more or less symmetrical, and 18 have
considerably strong asymmetryoX

The obtained data were analysed both by ordinary sta-
tistical methods and by Monte Karle method. The analysis

 has shown, that the probability %o find such number of

. Xy)
asymmetrical showerggdoes not exceed several per cent.

xx)

are important for characterizing each nucleon~nucleon inter-

_As it was shown before two ipnelasticity coefficients

action - the inelasticity coefficient in the laboratory

_.lab.

system K (i.e¢., in the sysi=o connacted with the target

. -nucleon) and the inslastinity coeffinient in the system

s s R - ALY, s :
connected with the incideny nucieon ¥ ("mirror" system),

i The average values of inelasticity coefficients Klab
. Lmir . o
and KP*T obtained from marcy showers are naturally equal one
slakb Smir 5 .
to another X ab _ gl:f B4 they are copsiderably different

for a large psrt of individual interactions as it may be

. geen from Fig-4-

. . . 1ab . . i
In Pig.4 the values of k2P are given against KM for

&
. A 180 X
46 showers. The ordinate axis 18 vsed fon K, the abseis-

mir . .
sa for K . Bach symmetrical showex 18 rapregented by a

Al

point; a cagse o1 nforward! asymmetry by a siga & 3 and a

cage of nhackwerd” -asymmetry by & sign Voo
Y o

X)For the rest of 14 showers only lower value of epner-
gy Lo was determined, and therefors we can not carry out
Yhe transition to the C-system for these showers with the
gufficient accuracyo. ' '

|

| xx) The inelasticity coefficient is the ratio of ener-
' 8Y transferred to all secondary J —mesons to the energy

| of primary nucleon
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closely connected with w%he inelasticity coefificient values
characterizing the given collision of two nucleons.
_ Tnis fact allows to divide nucleon-nucleon interactions
- into three types:
' 1. Symmetrical showers with nearly equal and small
values of both inelasticity\cueffieients;
2. Asymmetrical showers for which one of the inelastici~
ty ccefficients ig considewrably greater than the
. ' other; i
3, Symmetrical showers with great values of the both
inelasticity coefficientso
, At dividing nucleon—nucleon interactions into these
three types we consider that the internal shructure of nuc-
leons is reflected. Showers of %he Tirst type can be inten-
preted as interactions of the periphery of one nucleon with
the periphery of the other; showers of the second typg -
. as interactions of the periphery of one nucleon with the
central part of the cther, and interactions of the third

- . . ~ s 2
type ~ as interactions of central parts of both nucleons /o
Fig.5 gives the distribution of ipnelasticity coeffici-

)

ents™’. The characteristic featurs of this figure is the
presence of maximum at the value of the inelasticity coeffi-~
cient close to 0,25 (i.8, at the value which exceeded s
slightly the ratio of masses 7 —megon and proton). This
fact can be considered as indication on the definite sepa-~
ration of & 7 -meson in the structure of nucleon. Such
: interpretation was suggested before under the consideration
of effective target mass, which take part in the interaction'

of nucleons. é

' ' ab . mir . . ,
x) The values of Kl and K 1T were determined in the
experiment from the practically jindependent data. Therefore
‘the distributions of k120 apd KMLT are taken together for

the increase of statistics-

DeCI oy | . _ e ' . |
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Frog vhe onint of vwiew of phyvsins shis Fast oan be

interpretad giso that Whe yialson For goma tims .«z'znd}é,.,vl-’;
gtate with The jsolated 7 -meson. The
ion al~ o ig paach less thana v
at the energies of hundred: = of Gew. This i3 why vuriual -
i-mesons can -he cousiderad as real particles.

One can T2y also to degcribe all thass three typesa of
nucleon nucleor interactions from this poin® of view as the
collision of thess 7 -mssops (taking in fa“fﬁélr inter-
nucleon motion)-

Further consideration is only of the illustrative cha-
racter, it satigfactorily agveez with ourx’d expsarimental re-
sults, but does notf pretend to be more or less complete or
successive and well theorzticzlly groundsd dsseription of
nucleon interaction proasss.

Let us denote the total anergy of interactipg 7 ~-mesons
in dissociated nuclzons by &' and ©@" , and by q9 ,q -
longitudinal components of *thaiy momenta in the rest system
of the corresponding nucleon.

In such & consgidera®ion the ensrgy itransferred to J -
mesons at the nucleons interaction is determined by energiea

’ 5¥ and E" and momenta K' , " of % -mesons in
the C-system. '

If an excited system with the mass-il, and Loventz factor
relatively the C-system 5&6 is formsd in the c¢ollisions of

cl 3, then oo,
nucleons, th My =&+ &

~C
MFoETT it
(1) Mgt meer

the values of i and égcvaan he determined from the experimen-
tal data. It is easy to show, that

ot g a7 %

2 M: 9,‘ ,g :
(2) i kéé/""".ucf; ?‘/g sz
- x“é‘? '.;’}{u e -
(.3) I}(,:"Z,;w 2 ,};'_‘w -~ = !
. U dv.y\f,{, ;;;;z
Frem the equatinonz {1).{2), and (3) we can get
': — y L i ’
RNpig 2W G
Y y - . I‘,’- £
< Laé‘ = G4 G._,
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i.e. each of the inelasticity coefficients in the considered
model is determined by the internucleon motion of 7 —-meson
(in the system, in which the nucleon is at rest). It seems
possible to select such a distribution function /Q@J which
would satisfactorily describe the experimental distribution
¥(x) using the connection between A and & and 2
and assuming that the angular distribution of secondary 7 -
mesons in the rest system of nucleon is isotropic.

If FV&ﬂ is considered to be Plaﬁi’s function at
Yﬁ~g%;and a)-)m7 , then, as the calculations have shown,
the theoretical curve (shown in Fig.5 by a solid line) is in
a good agreement with the experimental inelasticity coeffici-

ents disfributiona ;

From the function /[ﬁa)one can receive some other cha-
racteristics of nucleon interactions, such as the distribu-
tion of mass of excited system I, distribution of values Y.

and so on- )

The calculated distributions of M and Yme have prac-
tically coincided with the experimental distributions in
spite of the fact, that the form of function /Tﬁkd is
theoretically groundless. But one can hope that such consi-
derations shall turn out to be useful at developing the
theory of nucleon-nucleon collisions.
| It is also interesting to consider the characteristics
of nucleon-nucleon interactions proceeding from the assump-
tion on the production of excited meson cloud (fire ball)

" in such interaction.

The mass of such meson cloud Wi, as it was pointed out .
above, 1is m=2zaﬂm%{J%&”.Kﬁ“”' . Vie see that M depends on
the values of the both inelasticity coefficients. Usually,
both inelasticity coefficients are considered to be equal
not only on the average but also for individual cases. Hdw«
ever, our experimental data have shown, as may be seen from <.
the above, that such assumption is wrong and it is necessa-
ry to determine both Klab and Kmir for the analysis of indi--
vidual interactions. )
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7
If we assume that the angular distribution of 7 -me-
song in the system of excited meson cloud is symmetrical,
then it becomes possible to determine the velocity of the
meson cloud ( A, ) and therefore the energies of = % -mesons

in this systen.
The results of such determination of average energies

of % -mesons £ performed for different primary ener-

f e

gies and differeat types of interactions are given in the

following table,/*»316/
e e e L e
Type of | ~ . v |
interaction 3/3+fd ! Mo i  nucleon~nucleon
-....——o-.—.————..._.—.«—%—-“ —————— -ai—r-v——unw'-«m—-xv ~~~~~~~~~~ h mmmmmmm l ~~~~~~~~~ T e o e o
E, Gev ;2 6 9 1100 | 300 500
——————————————— ‘ »—.v————-—n-—-—:-—-—-—--—---—u-—--—-'p—aw..r:-—»muw-n;—v—-w—sﬂwmnz—»gmm—mnnmnhn-—-am-m.rs
1 T ]

It follows from this table, that the average 7 -meson
energy is constant (within the limits of errors of measure-
ments) in the wide interval of primary energiea Eg. Hence,

M= 15 [, where /. is the number of charged J -

{y,'.
mesons generateé in the b%ygn interaction. The dependence of
Fs  from [Yi=Zy ji,, . it/ is presented in Fig.6.

Taking into account great errors in the determination
of Klab and Kmir for individual interactions and fluctuati-
ons in the distribution of mesons.on the charge state, one
can assume that the experimental. points collimate quite well
around a sitraight line,

From the equations for determining M glven in the above
it follows that /{«A/nyf s and 1t is in a good agreement
with conclusions of the Heisenberg’s theory on multiple me-
son production at high energies. The more accurate determi-
nation of the experimental data will show whether this con~
clusion is well grounded or not,

For the asymmetrical showers, for which Klabaér Kmir’
as it is seen from the formula for the Loreantz factor of

the excited meson cloud in the C--system X@ﬁ , the value

[
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ofgaiffers from L. The asymmstzy of &hawefs can bz explained
by the motion of the exscited meson clcoud, The distribution
of values 5#& for apalysed interactions is given in the
Fig.T-
It should be emphasized %hat Loreantz factors of nucle-
ons after the collision in ths C-system are considerably
‘ greater than the Lorentz factor of exeited meson cloud
EQEZXLQ Hence it follows, tha®# meson cloud does not include
the nucleons. This simplifies the apalysis of the resultant
picture. This fact is one of the egsential advantages of the
experiments at the enargies of hundreds of Gev in comparison
with the investigations at the ensrgies available with the
modern accelerators.

The existence of asymmeirical showers is a gserious argu-
ment in favour of such meson cloud. The Lorentz factor of me-
son cloud was determined basing on the assumption that the
angular distribution of & -mesons in the rest system of
meson cloud is symmetrical., The obtained sogular disteibu-
tion, which is shown in fig. %, was found to be not only Sym=
metrical, but isotrepic also, as it could bs expected. So
far we considered the produciion only of a single cloud.

In general, in the nucleon-nucleon interactions two or
more excited meson clouds can be produced. In such events
the appearance of “two humpered" showers may be expected.
However, in our energy region the values of gmc are so close
to 1, that the "two humpered" ahowers can not be realized.
At the ssme time the angular distribution of 7 -mesons in
C-gystem for showers of the third type (symmetrical showers
with great values of the both inelasticity coefficients)
shows ‘distinctive anisotropy. It ia seen in Pig.9. On the
contrary, the angular distriktution of @ -mesons in the C-
system for shOwers of the first type (symmeirical showers ‘
with nearly equal and small values of both inelasticity coef-
ficients) is near to isoiropic (fig.10). Such difference
suggeétsﬁ that in showers of the third type two excited me-~
son clouds can be produced, but the energy of c¢olliding nuc-

/9/
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From our experimenval dsts one iotermine the values

of the traansverse momenta of shower pariticles. 1t was found
that the average values of 5,  sre equal to 0,3¢0,4 Gev/c
and the transver e moments areindependent from the values of
M. Hence, it follows, that the disintegration of the excited
system takes place at the mame temperature 7’ which is
independent from il. Liae distrivution of transverse momenta

of the shower particles is givea in ¥ig.1ll. itheoretical va-

- lues of £, for the cne-dimensiopal version of the hydro-
dinamical theor y/7 piC?EQQ oy a s0lid curve., Experimen-
tal and theoretical distrib"tiaaﬁ are in a good agreement at

T=piz

The distribution of toizl womenta of 7 -mesons in the
system, where the angilar distribution of mesons is symme tri-
cal (i.e. M-system), is prasented in the Fig.l12. The experi-

nental distribution was spproximated by the Planck®s func-

where o ,,%m, Kﬁ.;jgf{ff72fj

e?:

Kg—modlflbatea pagsel’s furc; oa of the second typs. As i%
is seen from Fig.12, the st agreement with the experimest
at T=/ry as well &s for the éistributions of A °

The probable value of the S -meson momentum is equal

o o=l . the average value is equal /D j&%r . The ave-

‘ ',‘?,{,ia

rage value of % -meson snergy is equal E' 33pye The fact
that the momenta distribution in the Mmsystem is satislac-
torily described by tae Planck’s function testifies once
more in favour of ezistence of the sing le m“son cloud.

! %) | | . . /8/

Such approximation was used in the article o
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| The &analysis of data, ohtaimed at studying nuclecn-
nucleon interactions at the energies of hundreds of Gey
shows, that these interactions may be interpreted on the
basis of a rough-model consideration on thevnucleon struc-
ture. |
At the same time these data suggested that at the
collision of nuclecns with such epergies the excited meson
cloud was, apparently, produced, which did not include the
colliding nucleons. In geperal, the produced cloud moves
with relatively small velocity in the C-system. The excited
cloud disintegraﬁ% when its temperature attains the value
7~ a; . The disintegration of the sxcited meson cloud is
}isofropic (in the system of coordinates connected with the
- cloud‘itself)o The energy distributiocn of mesons, apparen-=
tly, is similar to the emission spsctrum of the absolute
black body.

One can hope, that the further analysis of obtained
data and collecting new results will allow us not only to
confirm once more these conclusions, but o c¢lear up the
questions on the application of model considsrations, on
the role of nucleon’®s core, on the degree of the virtualiiy

- of the peripherical < -mesons, on the production of exci-
ted meson clouds and etc. .

- In any case, it is proved now that the continuation
of studying nucleon-aucleon interactions in cosmic rays at
the energies of hundreds of Gev gives the great possibility
for the clearing up the peculiarities of the internal field

of the nucleons.
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